Chronic orofacial pain of neuropathic origin can present diagnostic and management dilemmas to dental practitioners and also affects the patient's quality of life. Intracranial aneurysms are a potential cause of stroke (e.g. sub-arachnoid haemorrhage) that is usually associated with, high rates of mortality and morbidity. A patient who had been previously managed for symptoms of temporomandibular joint disorder (TMD) presented with sharp, shooting pain of moderate intensity. It was precipitated by swallowing, and radiated to the right throat, posterior border of the mandible, ear and temporomandibular joint. Clinical and radiological investigations ruled out odontogenic pain, TMD and other more common types of facial pain. Magnetic resonance imaging revealed a 7 9 6 mm aneurysm in the right middle cerebral artery (MCA) which was subsequently surgically clipped. Interestingly, the facial pain resolved after this procedure. Compression of the insular region of the brain innervated by the trigeminal, glossopharyngeal and vagus nerves provides a plausible explanation for the pain reported. To our knowledge, this is the first case of facial neuralgia associated with an aneurysm in the MCA which emphasizes the importance of a multidisciplinary approach in the diagnosis and management of unusual cases of chronic orofacial pain.
INTRODUCTION
Intracranial aneurysms are localized dilations of cerebral artery walls that commonly occur as saccular outpouchings at bifurcations. 1 A meta-analysis of 68 studies in 94 912 patients from 21 countries reported the prevalence of 3.2% of unruptured intracranial aneurysms in the general population with a mean age of 50 years. 2 Risk factors for intracranial aneurysms include age, female gender, smoking, hypertension, cerebral arterial variations and familial history of subarachnoid haemorrhage, as well as hereditary and congenital syndromes (such as the autosomal dominant form of polycystic kidney disease) and connective tissue disorders (such as the Ehlers-Danlos syndrome). 3 Aneurysm size, morphology and location within posterior cerebral arteries are associated with increased risk of rupture. 4 Intracranial aneurysm is responsible for approximately 85% of subarachnoid haemorrhages, making it a leading cause of hemorrhagic stroke. 5 The middle cerebral artery (MCA) is a branch of the internal carotid artery and is the largest and most complex of the cerebral vessels, supplying the basal ganglia (basal nuclei) and the lateral surfaces of the frontal, parietal and temporal lobes of the brain. 6 The artery is typically divided into four segments, including the sphenoidal (M1), insular (M2), opercular (M3) and the cortical (M4) regions of the brain. 7 As many as 14%-43% of cerebral aneurysms occur within these blood vessels, 8 accounting for up to 55% of all aneurysm-related haematomas following rupture. 9 The rupture of MCA aneurysms results in both subarachnoid and intracerebral haemorrhages in 30%-50% of cases, with high mortality rates (up to 41%); of those who survive, many suffer permanent A large proportion of unruptured cerebral aneurysms is clinically asymptomatic and is only detected incidentally during radiological and clinical examination. Clinical signs and symptoms associated with cerebral aneurysms include cerebral ischemia and cranial nerve palsy, commonly affecting the oculomotor nerve.
11 Thrombosis, and expansion or inflammation of the aneurysm can also result in severe headache, visual deficits, cranial nerve neuropathies and seizures. 12 There are few reports of orofacial pain being associated with posterior communicating artery aneurysms and posterior cerebral artery aneurysms, resulting in trigeminal neuralgia-like symptoms from compression of trigeminal nerve fibers. [13] [14] [15] A large proportion of trigeminal neuralgia (approximately 80%-90%) is caused by compression of the trigeminal nerve by blood vessels in the cerebello-pontine angle, and a smaller proportion of cases is believed to be associated with other intracranial pathologies. 16 However the relationship between the occurrence of aneurysms and facial neuralgia is complex and poorly understood. This report describes a case of unusual chronic facial pain associated with an MCA aneurysm, a presentation that, to our knowledge, has not previously been documented in the literature.
CASE REPORT
A 62-year-old female patient presented for a general dental examination with a chief concern of mild pain around the right mandible. Medical history included hypertension, asthma and gastric regurgitation (commonly termed gastric reflux) that were well-controlled by medication. Dental history revealed nocturnal bruxism, for which the patient had been wearing an occlusal splint for 20 years. The most recent occlusal splint had been fabricated 3 months earlier and it showed cracks and significant wear. The masseter and temporalis muscles as well as the lateral pole of the right mandibular condyle were tender to palpation. There was no clicking or significant deviation or limitation to mandibular opening, closing and lateral movements. Furthermore, multiple carious teeth and failing restorations were identified, for which a management plan was formulated. The patient was counselled with regard to the role of bruxism in the aetiology of facial pain, and her symptoms were monitored over the course of restorative care.
Three months after the initial appointment, the pattern and severity of the pain changed. The pain became moderately intense and stabbing in nature. It was precipitated by swallowing, and radiated through the right throat, posterior border of the mandible, ear and temporomandibular joint (TMJ).
Dental radiographs and clinical examination did not reveal an odontogenic source of pain and a subsequent referral was made to an oral and maxillofacial surgeon.
The oral and maxillofacial surgeon organized blood tests including assessment of the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) titres. These common markers of vasculitis and inflammation were all within normal limits. Following the lack of osseous pathology evident on cone-beam computerized tomography, magnetic resonance imaging (MRI) of the TMJs and cranial base was obtained which did not reveal any TMJ pathology. However, the MRI displayed an aneurysm in the right MCA. Subsequently an MRI scan of the head was obtained, which revealed a 7 mm 9 6 mm aneurysm in the M2 segment of the MCA (Fig. 1) . The second MRI did not reveal any other pathology within the cranial cavity. This case was referred to a neurosurgeon who confirmed the aneurysm with computed tomography angiography ( Fig. 2 ) and proceeded to clip it surgically. Interestingly, the facial pain resolved postoperatively, and patient's recovery was uneventful. The patient was free of symptoms at the one-month postoperative review and at the time of preparation of this manuscript at six-month post-operative review.
DISCUSSION
Generally, differential diagnoses of chronic facial pain (in decreasing order of occurrence) include odontogenic pain, temporomandibular joint disorders (TMD), temporal arteritis, cranial nerve neuropathies, salivary gland pathology and Eagle's Syndrome. 17 Odontogenic pain is the most common cause of pain 18 but it was excluded during clinical assessment. TMD can present with reduced mandibular movement, muscle and joint pain, disc displacement, arthralgia/arthritis and arthroses, 19 affecting up to half of the population. 20 Radiological and clinical investigations excluded it as well. Giant cell arteritis is a common form of vasculitis with a predilection for the temporal arteries. 21 Signs and symptoms include temporal headache, jaw claudication, scalp tenderness, visual disturbances, fever, weight loss and polymyalgia, as well as increases in CRP and ESR. 22 The blood tests excluded this condition. Eagle's syndrome is characterized by an elongated styloid process or calcified stylohyoid ligament that compresses on the structures in the neck. When the glossopharyngeal nerve is involved, pain radiates to the throat, base of the tongue and ear when swallowing. 23 Radiological examination excluded this condition, along with salivary gland malignancy that can mimic the symptoms of TMD. 24 Neuropathic pain can occur from disturbances to the sensory pathways of the nervous system either centrally (within the brain and spinal cord), peripherally (vascular compression of nerves) or at both levels. Peripheral neuropathic pain presentations can occur from neuralgia of the trigeminal, glossopharyngeal and vagus nerves which typically present as unilateral sharp, shooting pain triggered by stimulation of the regions distributed by these nerves. [25] [26] [27] This condition is often associated with demyelination of the affected nerves closer to their roots secondary to compression by adjacent vascular pathology. 28 The patient's symptoms resembled those caused by combined trigeminal, glossopharyngeal and vagal neuralgia, which has been reported to occur on rare occasions. 27 The MRI however did not show evidence of nerve compression, excluding neurovascular conflict as a cause.
The most plausible explanation for pain in the present case is central neuropathic pain exerted by aneurysmal compression around the frontal and the parietal opercula of the insula corresponding to the sensory and motor homunculus of the pharynx and the TMJ. 29 The M2 segment of the MCA courses through the insular region around the Sylvian cistern. The enlargement of the aneurysm in the right MCA over time is likely to have compressed areas of this region corresponding to the innervation of the trigeminal, glossopharyngeal and vagus nerves to cause facial neuralgia. Sensory processing of pain and other modalities (e.g. temperature, crude touch and vibration) from the peripheral organs to the brain involve three sets of neurons. First-order neurons carrying pain in the trigeminal, glossopharyngeal and vagus nerves synapse at the spinal nucleus of the trigeminal nerve (nucleus caudalis). 30, 31 Second order neurons primarily project to the contralateral (opposite side) ventral posteromedial nucleus (VPM) in the thalamus. 32 Some second-order pain neurons also project to the ipsilateral VPM (on the same side). 33, 34 Third order neurons project from the VPM to the cerebral cortex, including the insula (insular cortex). Because of significant crossing-over of pain neurons, a central lesion is typically expected to affect the opposite side of the body. However, ipsilateral projection of trigeminal pain neurons is likely to be responsible for ipsilateral neuralgia associated with insular compression from the right MCA aneurysm in the present case (Fig. 3) .
The need for improving the interface between medical and dental professionals is being increasingly realized. 35 As management of orofacial pain is also common to both fields, appropriate referral and additional investigations (e.g. brain scans) can be necessary for appropriate management. Referral to multidisciplinary pain centers specializing in orofacial pain might also be a pathway to manage unusual cases of facial pain. 36 This could not only help resolve the symptoms in a timely manner but also avoid complications of underlying pathologies, which is important amid growing concerns of litigation against negligent professional behaviour and malpractice.
CONCLUSION
Differentiating between TMD and other causes of facial pain can be a diagnostic challenge. To our knowledge, this is the first case of orofacial pain that was relieved by surgical clipping of an MCA aneurysm that was not initially considered to be related to the pain. It is important for the dental practitioner to be aware of these conditions when presented with unusual facial pain of a similar nature as timely medical referral and treatment are crucial. Further studies are required to better elucidate the complex relationship between intracranial aneurysms and pain in the orofacial region. 
